In this paper, problems and inconvenience of existing parameters which are used to describe the energy efficiency of the evaporative cooling equipment were discussed. In accordance with the principle of the psychrometric chart, different energy efficiency grades of the evaporative cooling equipment were analyzed. On this as is, 5 energy efficiency grades for evaporative cooling equipment were put forward, combined with the psychrometric chart. In addition, the process and reasonableness of the grading were introduced.
INTRODUCTION
Evaporative cooling air conditioning technology is a technology which makes a full use of renewable energy and energy-saving and environment-protecting technology. This technology has been widely applied in the US, UK, Australia, India, Kuwait, South Korea and China and other countries. In recent years, just in Xinjiang, several hundreds of air conditioning systems have used this technology.
This technology has also been applied in some office buildings, commercial buildings, hotels, buildings for science, education, communications and transportation and other public buildings in central and West China. Moreover, the promotion and application of cooling fans, evaporative air-conditioners, dew-point evaporative air-conditioners and other evaporative cooling equipment in industrial and civil construction in Guangdong, Fujian and other coastal areas has achieved good social and economic benefits [1] . [2] [3] [4] [5] [6] . The industrial standard "Energy Efficiency Grading Requirements for Evaporative Cooling Fans", which is developed by the Refrigeration and Air-conditioning Technical Sub-committee affiliated to the China National Standardization Technical Committee, is being submitted for approval. However, no specific requirement has been made for determining minimum allowable values and grades of the energy efficiency of other evaporative cooling equipment. This has brought trouble to manufacturing enterprises, design units and users. How should the energy efficiency be labeled in reality? In recent years, many enterprises did not label energy efficiency values on their cooling fans, air conditioners and other related evaporative cooling equipment. Therefore, consumers have no way to compare different equipment. Worse still, the energy efficiency of evaporative cooling equipment is quite low, not to mention energy-saving. This has seriously damaged the overall image of the evaporative cooling industry. Therefore, in this paper, discussion is made on how to grade the energy efficiency of evaporative cooling equipment.
DEFINITION TO THE EVAPORATIVE COOLING EQUIPMENT AND ITS CLASSIFICATION
The evaporative cooling air-conditioning system refers to the air-conditioning system which uses heat absorption in water evaporation, to cool the supply air. According to types of contact between water and the supply air, evaporative cooling air-conditioning systems can be divided into direct evaporative cooling, indirect evaporative cooling and indirect-direct evaporative cooling [7] . Evaporative cooling air-conditioning units refer to air handling units which use water direct, indirect or direct-indirect evaporative coolers as main air-cooling equipment. Evaporative cooling chilling units refer to refrigerating units which use dry air in unsaturated air as driving potential and take advantage of forced air circulation and water evaporation to chill water.
DEC refers to a type of direct contact between air and water. In DEC, the air temperature drops, because water evaporates and absorbs evaporation potential. Isenthalpic cooling is involved in the DEC air handling process; sensible cooling is involved in the IEC air handling process; and sensible cooling is firstly launched and isenthalpic cooling is followed in IDEC air handling. As shown in Psychrometric Figure 1 of the evaporative cooling process, the condition of air with DEC equipment handling is located at a point on the line segment between Point A and Point B, and the limiting condition is at Point B. In IEC, air is cooled down, by exchanging heat with water or air which receives evaporative cooling handling through surface heat exchangers. After receiving IEC air handling, the air condition is located at a point on the line segment between Point A and Point C, and the limiting condition is at Point C. In IDEC, air is cooled through an integrated process of DEC and IDC. After receiving IDEC air handling, the air condition is located within an approximately triangular area formed by A-B-C-A. If the condition point of air handled through IDEC is D, the limiting condition point would be E. The line segment AB is parallel to the line segment DE, and Point E is located at a point on the curve between Point B and Point C.
EXISTING DESCRIPTION OF THE EVAPORATIVE COOLING ENERGY EFFICIENCY
According to Reference [7] , the energy efficiency ratio (EER) refers to the ratio of the refrigerating capacity of a refrigerating equipment and its consumed power under a fixed test condition, called EER for short. In "Evaporative Airconditioners", EER is defined as the ratio of the sensible cooling capacity to input power, and kW / kW is the unit of EER [8] . In the "Water Evaporative Cooling Airconditioning Units", the rated EER is defined as the ratio of the rated cooling capacity to the rated input power under rated operating condition [9] . Moreover, in the introduction part of Reference [9] , it is also noted that the cooling capacity referred herein is the sensible cooling capacity of evaporative cooling equipment. Therefore, the EER of evaporative cooling equipment refers to the ratio of the sensible cooling capacity to the rated input power of evaporative cooling equipment under a prescribed test or rated condition. Evaporative cooling equipment, which have a fixed EER under a rated operating condition, have different energy efficiencies, when used in different places [10] [11] . For example, a 20000m3/h evaporative air-conditioner has a cooling capacity of 90.9kW, and a rated input power of 1.5kW under a rated operating condition, so it's EER is 60.6. However, when used in different regions, evaporative coolers with the same air quantity may face different outdoor meteorological parameters. Therefore, in different regions, the evaporative air-conditioners would naturally produce different air-out temperatures and cooling capacities, but their consumed power experiences no or little change. According to extensive research literature and practical cases, among several air-out parameters of evaporative coolers, the relative humidity tends to remain at around 90%. Even when evaporative air-conditioners are applied in different conditions, their relative humidity bears a tiny difference. For convenience, it is assumed that the relative humidity of the evaporative air-conditioners can reach 100% [12] [13] [14] [15] .
However, the actual rated operating point cannot reach 100%, but the rule is the same. 6 cities including Fuzhou, Nanchang, Wuhan, Xi'an, Lanzhou and Urumqi were chosen to calculate their EER values and list the values in Table I . Calculation results were compared with test results under the rated operating condition, to get Figure 2 . Thus it can be seen that the EER value under the rated operating condition greatly varies in different regions. So it is debatable to use EER to measure the application of the energy efficiency value in projects. In this research, evaporative air-conditioners are taken as examples for discussion. Other evaporative cooling equipment have the same situation with evaporative air-conditioners.
The efficiency of evaporative cooling equipment can reflect the performance of the equipment. The ratio of the temperature difference between the inlet and outlet air to the temperature difference between the dry and wet bulb of the inlet air can reflect the efficiency of DEC equipment. The wet-bulb efficiency or dew-point efficiency can reflect the efficiency of IEC equipment. The wet-bulb efficiency refers to the temperature difference between the dry and wet bulb of the inlet and outlet air of indirect evaporative air-conditioners to the temperature difference between the dry and wet bulb of secondary air, while the dew-point efficiency refers to the temperature difference between the dry and wet bulb of the inlet and outlet air of indirect evaporative air-conditioners to the temperature difference between the dry bulb and the dew point. However, even if the efficiency of evaporative cooling equipment reaches or is required to reach a certain value under a rated condition, the actual sensible cooling capacity of the same evaporative cooling equipment is different in various regions. It is assumed that the rated wet bulb efficiency of DEC equipment is 90% and the corresponding figure of IEC equipment is 70%. 6 cities including Fuzhou, Nanchang, Wuhan, Xi'an, Lanzhou and Urumqi were chosen to calculate values of their sensible-heat cooling capacity and list the values in Table  Ⅱ , and correspond data was shown in Figure 3 . In accordance with calculating parameters in "Water Evaporative Air-conditioning Units" under the rated operating condition, the predetermined dry-bulb temperature was 35 ℃, and the wet-bulb temperature is 23 ℃. It can be seen that evaporative cooling equipment with the same rated energy efficiency have different performances in different regions, so it is not practical to purely use the EER to reflect the energy efficiency of evaporative cooling equipment. 
ENERGY EFFICIENCY GRADING
Energy efficiency grading is a method for classifying energy efficiency levels. According to the EER (performance coefficients), mechanical refrigeration equipment is generally classified into 5 grades, including Grade 1, Grade 2, Grade 3, Grade 4 and Grade 5. Equipment of Grade 1 has the highest energy efficiency. To evaluate energy efficiency levels of evaporative cooling equipment, it is inconvenient to simply use the EER or the equipment efficiency to describe the energy efficiency of equipment. In addition, it is hard to grade the energy efficiency. Combined with the refrigeration principle of evaporative cooling equipment and an analysis of the psychrometric chart, the energy efficiency of evaporative cooling equipment is also classified into 5 grades, to ensure consistency between the existing limited value of the energy efficiency and the energy efficiency grade. Grade 1 indicates the highest energy efficiency.
In Figure 4 , the isenthalpic line AB reflects the DEC process. Since the air-outlet temperature of DEC equipment is at one point on the line AB, AB is divided into five equal segments, which are sequentially labeled as 5,4,3,2 and 1 to represent energy efficiency grades. For convenience, the observation area is expanded by carving out zones with Point A, Point B and Point E. As shown in Figure 4 , 5 equal segments are drawn to get 5 zones to respectively represent different energy efficiency grades.
As shown in Figure 5 , the IEC process is reflected by the isenthalpic line AC in the psychrometric chart. Since the air-outlet temperature of IEC equipment is at one point on the line AC, AC is divided into five equal segments, which are sequentially labeled as 5,4,3,2 and 1 to represent energy efficiency grades. Similarly, to facilitate the analysis, the observation area is expanded from an approximately triangular area enclosed by Point A, Point B and Point C to 5 zones. The observation area can be divided in 2 ways, as shown respectively in Figure 5a and Figure 5b. 2 ways of grading lead to different zones of observation. However, because the air-outlet temperature of IEC equipment is at one point on the line AC, the different ways of grading would not affect the labeling of test results for the IEC. It is also true for DEC. However, the above-mentioned ways of grading are not suitable for IDEC. Since the air-outlet temperature of IDEC is reflected by one point within the area enclosed by Point A, Point B and Point C, various grading results would be produced by different ways of grading.
To show energy efficiency grades of DEC, IEC and IDEC in a figure, we should combine the energy efficiency figure of DEC and IEC. In Figure 6a , 4 equal division points for DEC are used as the reference to grade energy efficiency for IDEC. However, if energy efficiency is graded according to this reference, the energy efficiency of IEC does not increase progressively, and Grade 1 covers a too large scope. Therefore, this grading mode cannot well reflect the energy efficiency of IEC. This is true for IDEC, so it is unnecessary to go into details. In Figure 6b , 4 equal division points for IEC are used as the reference to grade energy efficiency for IDEC. However, this grading mode cannot reflect the energy efficiency of DEC, so it is inappropriate.
The energy efficiency grading figure of DEC is overlaid with the energy efficiency grading figure of IEC, to get Figure 7a and Figure 7b . As seen from Figure 7a , energy efficiency grades of DEC and IEC do not achieve one-to-one correspondence. Figure 7b shows that although energy efficiency zones of DEC are overlapped with IEC, their energy efficiency zones have no comparability. Energy efficiency zones of DEC do not overlap with 5 zones of IEC, which is obviously inappropriate. Energy efficiency zones of IDEC are unscientific. In this aspect, no unnecessary details would be given.
4 equal division points for IEC are used as the reference to get the cross-point of the relative humidity line and the isenthalpic line AB of DEC, and then draw the figure (Figure 8a) of energy efficiency grades. In Figure 8b Moreover, the air-out temperature of IDEC is higher than DEC, and the energy efficiency of IDEC can reach Grade 1, so the grading is inappropriate. In Figure 8c , when the outlet-air relative humidity is equal, the energy efficiency grade of the condition point with a low temperature is even lower than the condition point with a high temperature, so the grading mode is unpractical. As the existing grading modes have much inconvenience, the author thinks that energy efficiency grading of IEC can be taken as the reference to grade the energy efficiency of IDEC and improve energy efficiency grading of IEC and DEC. To show energy efficiency grading of IEC, DEC, IDEC in the same figure, the grading mode should be adopted, as shown in Figure 9 . 4 equal division points on the isenthalpic line in Figure 5a are taken as the reference to draw relative humidity lines. The 4 relative humidity lines insect with the line AB of DEC to get 4 cross points, and the 4 cross points are based to grade energy efficiency of DEC. 5 horizontally-divided zones, which have different colors, represent 5 different energy efficiency grades from high ( Grade 1) to low (Grade 5). The 5 zones can show the energy efficiency of IEC and IDEC. Cross points of the 4 relative humidity lines and the A-point isentropic line can divide the A-point isentropic line into 5 grades for the energy efficiency of DEC from high(Grade 1) to low (Grade 5).
ANALYSIS OF ENERGY EFFICIENCY GRADES
As seen from the IDEC energy efficiency grading in Figure 9 , zones for airoutlet parameters of different evaporative cooling equipment are clearly divided. Appropriate limits are set for the air-outlet temperature and relative humidity of IDEC equipment, so that the air-outlet temperature and relative humidity of equipment with Grade-1 energy efficiency can reach the specified range of values. However, it is impossible to purely use the relative humidity or dry-bulb temperature to reflect the level of energy efficiency. The 4 equal division points on the isenthalpic line of IEC equipment intersect with the relative humidity line, to get 4 equal division points for DEC shown in Figure 9 . Although the 4 equal division points for DEC are slightly different from the 4 equal division points of the A-point isenthalpic line, the difference value is small, if division is made according to the operating point prescribed by existing national standards. To further illustrate, a predetermined dry-bulb temperature of 35 ℃ and wet bulb temperature of 23 ℃ are taken as the base point to grade energy efficiency, as shown in Figure 10 . Point 1, Point 2, Point 3 and Point 4 are 4 equal division points of the isenthalpic line. Point 1 ', Point 2`, Point 3`, and Point 4 ` are 4 equal division points of the A-point isenthalpic line. As can be seen in the figure, points of intersections between the 4 equal division points of the isenthalpic line and the relative humidity line and the Apoint isenthalpic line are quite close to Point 1 ', Point 2`, Point 3`, and Point 4 `. The points of interactions are sequentially labeled as 1``, 2``, 3``, 4``. According to Table Ⅲ, the difference value of 1``, 2``, 3`` and 4`` and 1`, 2`, 3` and 4` is basically 0.6%. Therefore, 1``, 2``, 3`` and 4 can be used to replace 1`, 2`, 3` and 4`, to facilitate mapping and visual observation. In this way, the energy efficiency grading of DEC equipment and the energy efficiency grading of IDEC equipment are integrated in the same figure, which can bring convenience to labeling in actual tests.
The same method can be used to label energy efficiency grades in the atmospheric pressure psychrometric chart, so as to draw Figure 9 . 2*, 3* and 4* are points of interactions between 2, 3, 4-point isotherms and A-point isentropic line. According to the psychrometric chart, parameters of 14 parameter points are shown in Figure 4 . On this basis, scopes of parameter values for different energy efficiency grades are listed in Table V . Therefore, equipment manufacturers can test air-outlet parameters of evaporative cooling equipment under rated operating conditions and look up Table V to figure out energy efficiency grades of the evaporative cooling equipment tested. Moreover, Table V can be used for reference by detection or authority departments. Energy efficiency is graded according to the isotherm and relative humidity line. To be specific, equipment with a 4-point isotherm is classified to Grade 4, while equipment with a 4``-point relative humidity is also classified to Grade 4, and the so forth.
Energy efficiency grading shown in the figure is based on testing parameters in the "Water Evaporative Cooling Air Handling Units". In line with various standards and regulations of test, the grading mode put forward in this paper can be used to get the energy efficiency grade of corresponding evaporative cooling equipment. Apoint parameters differ in various conditions. In this way, we set standards of energy efficiency grades for various parameters of evaporative cooling equipment, instead of just setting an experimental operating condition. This cannot only facilitate equipment selection in practice, but also provide convenience to designers when they select evaporative cooling equipment with an appropriate energy efficiency grade. Designers no longer need to set different energy efficiency grades for different places or regions where evaporative cooling equipment is used. 
CONCLUSIONS
In this paper, problems and inconvenience of existing parameters which are used to describe the energy efficiency of the evaporative cooling equipment are discussed. Combined with the psychrometric chart, different energy efficiency levels of evaporative cooling equipment are classified into 5 grades, with Grade 1 representing the highest energy efficiency. Based on the psychrometric chart under the standard operating condition, the figure representing the energy efficiency grading of evaporative cooling equipment is drawn. In addition, a table of parameters for energy efficiency grades zoning under an experimental operating condition is also drawn.
Due to the limited length, evaporative cooling chillers are not discussed in this paper. The author hopes that the energy efficiency grading of this research can help enterprises to improve their product quality, and this research can attract more people to engage in this research direction. Moreover, valuable recommendations are welcomed, in order to promote technological development and industrial upgrading of the evaporative cooling industry.
